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Introduction 
Understanding the annual and inter-annual variability 
of the Fram Strait/Greenland Sea Marginal Ice Zone 
(described by Bourke and Paquette 1 in this issue) is of 
scientific interest because of its impact on increasing 
military and civilian activities in this area. Until the 
ONR-sponsored Marginal Ice Zone Experiments 
(MIZEX), no comprehensive meteorology research had 
been done in marginal ice zones (MIZ). Limited 
meteorological studies were conducted in the Bering Sea 
MIZ (MIZEX-WEST 1983).M However, our 
meteorological understanding of this area has been 
minimal. 
NPS investigators conducted meteorological studies 
in summer MIZEXs (June-July) in 1983 and 1984 and 
will participate in winter MIZEXs (March-April) in 
1987 and 1989. In addition to MIZEXs, we have conducted 
several studies of mid-latitude open-ocean atmospheric 
boundary layer (ABL) properties.' 1° From these studies, 
it became apparent that atmosphere-ocean coupling is con-
trolled by properties throughout the ABL, not just at the 
immediate air/sea interface. MIZEX has provided the op-
portunity to study the role of the ABL in coupling weather 
patterns with both underlying ice and ocean features. The 
large horizontal temperature and roughness gradients which 
occur in the MIZ cause complex interactions between the 
atmosphere, ocean and ice resulting in highly variable (in 
space and time) conditions. 
The following sections will discuss meteorological 
studies in the ONR-supported East Greenland Sea MIZ 
(MIZEX-EAS1) program in which NPS investigations have 
a central role, recent results pertaining to MIZEX 
meteorological scientific objectives and plans for winter 
experiments in 1987 and 1989. 
Figure 1 
A summary of processes, geophysical scales and 
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Mizex-East Meteorological 
Studies 
Meteorology studies were a major part of MIZEX-
EAST because oceanography, ice and acoustic studies re-
quire detailed time and space specifications of momen-
tum and energy transfer from the atmosphere. A number 
of factors are important to this atmospheric forcing in the 
vicinity of the MIZ. The most important factor is the 
geostrophic wind (pressure gradient) forcing, but the rela-
tion between the geostrophic wind and the wind stress at 
the surface is complicated by curving wind trajectories and 
the horizontal variability of surface roughness and 
temperature, inversion strength and height, and ABL struc-
ture which occurs in the MIZ. 
The nature and scope of the MIZEX meteorological 
effort, designed to examine MIZ atmospheric forcing, is 
illustrated by Figure l, which represents the coordinated 
objectives in both the past summer and future winter ex-
periments. The scale of features, the data sources, and the 
orientation of the MIZEX meteorological program are em· 
phasized in Figure l. The central position is given to the 
mesoscale processes in the interaction between atmosphere 
and ice/ocean features. These mesoscale processes were 
difficult to observe on surface platforms (ships and buoys) 
in the MIZ because the large number of platforms required 
to sufficiently resolve these processes has not been 
economically feasible. 
A study encompassing the scales and processes shown 
in Figure I can be undertaken only by coordinated ABL 
measurements from several platforms. Surface, rawinsonde 
and aircraft meteorological observations, along with sat~ 
ellite imagery and airborne remote sensor data were used. 
Ships and aircraft involved in the MIZEX-84 
meteorological program are listed in Tuble I. Institu· 
tions and agencies investigating the ABL are also listed 
in Tuble I. 
Shipboard, aircraft and ice-floe-mounted turbulence 
and mean profile sensors were used to obtain information 
on MIZ microscale properties. The spacing of the platforms 
enabled surface flux properties to be measured 
simultaneously over water and ice regions. MIZ mesoscale 
properties were obtained from quantities measured on the 
platforms, as well as extensive rawinsonde launches from 
the ships. Rawinsondes were launched simultaneously from 
as many as five ships at least four times per day. Eight 
launches per day (every three hours) were made on the 
Polarstern throughout the experiment, as well as from the 
Haakon Mosby, Valdivia and Polar Queen during a six-
day period at the end. Synoptic features were obtained from 
the existing observing network, Figure 2, augmented by 
the in situ measurements and an extensive interpretation 




Existing meteorological observing network in the vicinity 
of Fram Strait/East Greenland Sea MfZ with surface and 
upper air (rawinsonde) stations indicated. 
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May 18-June 28 
May 29-July 29 
May 30-July 30 
June 12-July 15 
June 11-July 18 
June 20-July 18 




June 20-July 7 
(6 FLTS) 
June 22-July 14 
(20 FLTS) 
*AWi - Aifred Wegener Institute for Marine and Polar Research, Bremerhaven, FAG 
AES - Air Environmental Services, Toronto, Ontario, Canada 
BIO- Bepford Institute for Oceanography, Ha!ifax, Nova Scotia, Canada 
NPS- Naval Postgraduate School, Monterey, CA 
PMEL- Pacific Marine Environmental Laboratory, NOAA, Seattle, WA 
PSC- Po!ar Science Center, University of Washington, Seattle. WA 
PMTC- Pacific Missile Test Center, Point Mugu, CA 
UW- Department of Atmospheric Sciences, University of Washington, Seattle, WA 
WPL- Wave Propagation Laboratory, NOAA, Boulder, CO 
Observed Micro, Meso and 
Synoptic Scale Features 
Microscale Results: 
Microscale features have sizes generally less than I 
km. During MIZEX, the microscale features studied were 
related to surface processes such as the transfer of momen· 
tum, heat, moisture and suspended particles (aerosol) be· 
tween the atmosphere and the ice and water surfaces. A 
profile tower used by NPS for microscale flux measure-
ment is shown in Figure 3. Measuring these transfer proc-
esses enables more accurate predictions of ice movement 
and melting, upper--0cean currents and temperature, and 
lower atmospheric phenomena such as fog. Knowledge of 
locally produced aerosol distributions is important in 
climatological studies and in interpretation and prediction 
of optical properties. 
The momentum transfer from the air to the surface 
is influenced by the aerodynamic roughness of the sur· 
face. This roughness is parameterized by the neutral drag 
coefficient which relates the momentum transfer to the wind 
speed. Drag coefficient results from MIZEX·83 were 
described by Guest and Davidson (1987)12 in terms of ice 
concentration, ice floe roughness and size. They estimated 
wind stress by determining the turbulent kinetic energy 
dissipation rate near the surface. Similar results from 
MIZEX-84 have been described by Anderson (1987) .u In 
general, both studies found that drag coefficients in the 
East Greenland Sea MIZ region were higher than those 
reported for other MIZ regions. 
An example of results obtained by Guest and 
Davidson 12 in MIZEX~83 is shown in Figure 4. It is a sum-
mary of neutral drag coefficient, CoN• as a function of 
upwind ice concentration. The mean value of 4.0 x 10- 3 
for ice concentration of70 to 90% is higher than previously 
reported (Overland, 1985).14 The bars indicate the large 
variability within given concentrations. The large varia~ 
tion in CoN for given ice concentration is explained by 
differences in ice floe size and roughness. Small rough 
floes formed by wave action exert twice the drag as 
relatively large flat floes with the same concentration, and 
three to four times as much as the adjacent open ocean. 
Figure 3 
Turbulence tower left center. and wind profile tower. 
right. These 2.2 m and 6 m towers were used to 
measure heat and momentum fluxes over an ice flow in 
the East Greenland Sea MIZ. The polar bear was an 
uninvited visitor. 
' fl(t ... . _.I .. 
Figure 4 
Drag coefficients, CoN• or roughness length, z~, as a 
function of upwind ice concentration. Bars maicate 
standard deviation. Solid circles are the mean and open 
circles are the median (from Guest and Davidson 
(1987)). The roughness length is another way of 
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Aerosol measurements were also made by NPS 
participants in MIZEX·83. Borrmann et al. , (1987) is 
interpreted total aerosol concentrations and size distribution 
with respect to synoptic scale features. Size distributions 
before, during and after an atmospheric frontal passage 
show that the concentration of particles in the l·to·IO·mm 
size range decreased by a factor of 30 (Figure 5). This 
is a significant naturally occurring decrease in this region 
far from anthropogenic sources. 
This discontinuity was caused by the changing tra· 
jectories of sampled air which were first from ocean to 
ice and then, after frontal passage, from ice to ocean. It 
is notable that the concentrations of smaller sizes, 0.1 to 
0.5 mm, change only slightly with the frontal passage. Par· 
tides of this size have distant sources while larger par· 
ticles have local (MIZ) sources. These results show that 
the adjacent MIZ ocean and ice regions have much dif· 
ferent aerosol production properties for aerosol with sizes 
larger than l mm. 
Figure 5 
Aerosol size distribution before (upper curve), during 
and after (middle and lower curves) passage of a cold 
front. The solid line depicts the global background 
aerosol size distribution of Jaenicke (1979). (from 
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Mesoscale Results: 
The mesoscale includes features which exist within 
200 km horizontal distances but larger than 1 km. They 
need to be described using all four dimensions. MIZ 
mesoscale features are now being examined on the basis 
of coordinated analyses of combined data bases by MIZEX 
meteorology investigators. Because these features exist at 
spatial scales less than the standard synoptic observing net-
work and for periods of hours versus days, our best descrip-
tion will result only from analyses of combined ship, sat-
ellite and aircraft data. These analyses will yield mesoscale 
information on both thermodynamic and dynamic proper-
ties of the atmosphere. 
Variations in surface temperature between the 
relatively warm Atlantic water and the cool ice and mixed 
ice-polar water regions cause spatial variations in the ABL 
which have been reported by Fairall and Markson (1986) 16 
on the basis of aircraft measurements in MIZEX-83. Their 
measurements were made in conjunction with NPS studies 
(Fairall was a member of the NPS ABL group during 
MIZEX-83). The MIZ effects on temperature and humidity 
are illustrated in Figure 6, which shows profiles of virtual 
potential temperature and specific humidity for three wind 
directions relative to the ice edge. When winds were par-
allel to the ice edge (Figure 6a), distinct mixed layers 
Figure 6 
Virtual potential temperature, o. (so/Jd line) and spec1f1c 
humidity (dashed line) versus altitude over water (1) and 
over ice (2) for cases of winds (a) parallel to ice edge, 
(b) slightly on ice and (c) on ice (from Fairall and 
Markson 1987). 
extending up to 500 meters were observed over both ocean 
and ice surfaces. The 6 C temperature difference between 
the two profiles could yield a 5 ms - 1 wind difference at 
the top of the layer due to baroclinic (thermal wind) ef-
fects. When winds were slightly on ice (Figure 6b), there 
was a large difference (350 meters) in the inversion height 
with the lower ABL over the ice. This yields a baroclinic 
(thermal) wind component of 7 ms- 1 due to the sloping 
inversion. When the winds are directly on-ice (Figure Sc), 
the profiles look almost identical in the upper part of the 
ABL but are quite different in the lower layer. Cooling 
when the air moved over the ice caused the lower layer 
to be stable which greatly reduced the coupling between 
the upper part of the ABL and underlying ice surface. 
Thermodynamic variations across the MIZ are now 
being examined with the more extensive MIZEX-84 data 
set. Results from MIZEX-84 are illustrated by Figure 7 
which has percentages of occurrences of inversion heights 
obtained from a ship in the ice (Polarstem) and from a 
ship in the adjacent water (lilldivia). These results were 
obtained by investigators from the Alfred Wegener Institute 
for Polar and Marine Research, Bremerhaven, FRG and 
they will be part of the combined data set examined by 
NPS investigators. The most important feature of these 
results, which agrees with the examples of Fairall and 
Markson (1987),16 is the distinct lower inversion levels 
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occurring over the ice (Polars1ern) than those occurring 
over the water (Valdivia). 
Another common MIZ mesoscale feature which NPS 
investigators have studied is fog. The onset of foggy con· 
ditions is of two types, frontal and stratus-lowering. Stratus-
lowering fog occurs during sea to ice winds when an 
already present stratus-deck lowers to the surface. This 
type of fog can be predicted on the basis of general synoptic 
conditions, i.e. , when winds become on-ice. Frontal fog 
occurs when the wind is generally parallel to the ice edge. 
This type occurs when a mass of fog with a distinct edge 
reaches the observer. These fronts are confined to the ABL 
and must be associated with mesoscale processes, although 
the exact nature of these processes is not known. 
Figure 7 
Histogram of the inversion base over the ice (Polarstern, 
96 observations) and over the open water (Valdivia, 86 
observations). 
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Synoptic Scale Results: 
Phenomena which can be identified using standard 
weather maps with resolutions of > 200 km are termed 
.. synoptic". No standard weather observations are reported 
in the East Greenland Sea MJZ, but there are stations on 
Greenland, Svalbard, Bear Island and Jan Mayen Island 
(Figure 2). During MIZEX-84, five ships measured 
meteorological parameters within the MIZ. This network 
of standard meteorological stations and ship observations, 
along with satellite imagery, were used to make the most 
complete synoptic description of the summertime East 
Greenland Sea MIZ ever obtained (Lindsay, el al., 1986).11 
During the summer, this region is characterized by 
relatively mild meteorological conditions. The surface air 
temperature in the ice regions of the MJZ almost always 
remained within 5°C of freezing. Relative humidity was 
usually greater than 80% and fog was present 40% of the 
time. The wind speeds and directions, from the Haakon 
Mosby (Figure 8) and other ships, show several events of 
high wind speeds (> JO ms- 1), all of which have been 
associated with synoptic or large mesoscale events (Lind-
say et al. , 1986).11 Surface maps for some of the days in 
the time series are shown in Figure 8. The high wind events 
are due to occluded mid-latitude cyclonic storms moving 
into the area from the south and east, the tightening of 
pressure gradients due to highs and lows adjacent to the 
MIZ, and the formation of weak storms in the MIZ. These 
events never produced wind speeds in excess of 20 ms- 1• 
There was no prevalent wind direction because the cyclonic 
storms passed on both sides of the Haakon Mosby (Fig-
ure 8) and the other ships. The circumpolar vortex, which 
is associated with most mid-latitude storms and moves to 
the north in the summer, was still located well to the south 
and did not influence the MIZ. The baroclinicity (horizon-
tal temperature gradient) of the MIZ or the location of the 
MIZ to the lee of the large Greenland land mass may have 
created five small (large mesoscale, 100-200 km) sys-
tems, which formed within the MJZ and dissipated within 
a day or two, during MJZEX-84. 
When the wind speed was greater than 7 ms- 1, it 
dominated the movement of ice. However, the location of 
the ice edge was generally not related to wind forcing. Ap· 
parently, the melting of ice when it was pushed over warm 
Atlantic water was so rapid that the ocean temperatures, 
rather than the wind forcing, controlled the location of the 
ice edge. The wind forcing was the mechanism which con· 
trolled ice concentration in the MJZ ice region. When wind 
forced the ice toward the open ocean, concentrations 
decreased, while the ice became compacted during sea to 
ice forcing. The ice movement was to the right of the sur-
face wind forcing by approximately 45 degrees, in agree· 
ment with traditional Ekman-layer concepts and observa-
tions. A more detailed discussion of the relation between 
synoptic scale wind forcing and ice morphology during 
MIZEX-84 is provided by Campbell el al., (1987).'7 
Plans for Winter MIZEX 
Objectives of the planned winter MIZEXs (1987 and 
1989) are to understand the processes responsible for the 
advance of the winter ice edge, and their effect on acoustics 
and electromagnetic remote sensing under much different 
conditions than in summer (MIZEX 87/89 Science Plan, 
1986).11 Meteorological activity at the winter ice edge is 
expected to be more intense due to larger temperature and 
moisture contrasts and the more intense synoptic storms 
which are present in winter. 
Of particular interest in the winter MIZ region is the 
occurrence of mesoscale cyclogenesis (Arctic lows) which 
has been the focus of recent studies (Rassmusen, 1985 19 
and Wilhelmsen, 1985ZD). Arctic lows are intense systems 
which form rapidly and may have winds exceeding 30 
ms- 1 within a few hours of initial development. A 
climatology of Arctic low tracks formulated by Wilhelmsen 
(1985)Z0 clearly shows their frequent occurrence and some 
evidence of generation in the MJZ. Jn general, genera-
tion and maintenance processes for Arctic lows are not 
well understood (Kellogg and Twitchell, 1986).u However, 
it is believed that they gain a significant portion of their 
energy from surfuce fluxes. The surface flux contribution 
to these mesoscale systems is believed to be more crucial 
Ott~ I 19/!1 JJ 
Figure 8 
(Below) Time series of wind speed (line) and direction 
(barbs) observed over water on Haakon Mosby and 
(above) surface pressure patterns for selected days . 
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To their formation and structure than lower latitude 
systems. 
The approach used to study the MIZ during 
MIZEX-87 and 89 will be similar to the summer ex-
periments, diagramed in Figure I. Features observed are 
given considerable emphasis in the plans. The features in-
clude the surface fluxes and vertical profiles over adja-
cent ice and ocean regions. The type of results illustrated 
in section 3 will be sought. Limitations will exist because 
the number of ships will be reduced from the six in 
MIZEX-84. Only three ships, one inside and two outside 
the ice, will be involved in 1987. The in-ice ship will have 
capability of both ice floe and shipboard measurements. 
No meteorological aircraft are planned for 1987 but two 
are likely (Falcon-20 and NOAA-P3) for 1989. In 1989, 
as an addition to previous efforts, will be possible the 
deployment of up to 15 buoy-mounted meteorological 
systems and an ice camp with meteorological equipment. 
Measurements planned for ships, aircraft, buoy and ice 
camp have been described in the MIZEX 87/89 Science 
Plan.•• 
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Growth and motion or vortices generated by II plate DI an angle or llllllck or 60 degrees. The picture 
is taken in 11 recirculating w.iter 111ble and the vortices arc visualized by means or aluminum dust. The alter· 
nate shedding or vortices takes place practically about all bluff bodies (cylinders, cables, missiles, etc.) and 
gives rise to large drag, oscillating lirt force, and hydro· or aero-elastic oscillations. The now field may 
be simulated numerically through the use of the rundamental equations of motion. The visuali1.11tion or now 
helps to our physical understanding of the phenomenon and provides data for comparison with !hose ob· 
tained in numerical experiments. (See article beginning on page 3.) 
Photograph is the courtesy of Proressor Turgut Sarpknya (NPS). 
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